Nanoelectronic devices fabricated using carbon nanotubes (CNT) and nanofibers (CNF) are prospects for both transistor and interconnect applications because of their unique electronic properties [1][2][3]. For interconnect applications, it is important that the interface resistance between CNF and metal is minimized. Therefore the development of a low-resistance interface requires critical structural and chemical information from high-resolution microscopy. In this work, we grow vertically aligned CNFs on various metal layers. The interfacial structures are characterized using a scanning transmission electron microscope (STEM) equipped with energy-dispersive x-ray spectroscopy (EDX) capability.
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The CNFs are vertically grown on the metal layer by plasma-enhanced chemical vapor deposition (PECVD) as described in [4] . Scanning electron microscopy (SEM) reveals vertically aligned CNF arrays as shown in Figure 1 (a). Cr, Pt, or Ti is deposited as the underlayer metal, which has been shown to yield low CNF-metal contact resistance [5] , and Ni or Pd is used as the catalyst material. Subsequently, SiO 2 is deposited using tetraethoxysilane (TEOS) CVD and the sample is treated with chemical mechanical polishing (CMP) [3] . These steps are taken to protect the CNF from damage during STEM sample preparation. The resulting structure is shown in Figure 1(b) . From current-sensing atomic force microscopy (CSAFM) and wafer-probe electrical measurements, the resistance of Ni-catalyzed CNFs is found to be higher than that of Pd-catalyzed CNFs.
In order to obtain CNF interface images using STEM, it is important to maintain the integrity of the forest-like arrays of CNFs after sample preparation. Therefore micro-sampling technique and sputtering using a 10kV focused ion beam are used to prepare the STEM sample. The STEM images of each sample are shown Figure 2 . The high-resolution STEM image of a Ni-catalyzed CNF is shown in Figure 3(a) . The interface between CNF and metal consists of many graphene layers that are almost parallel to the silicon substrate surface. The spacing between adjacent graphene layers measured with high-resolution STEM is 0.34nm, which is consistent with that of turbostratic stacking of graphene layers in nanofibers [6] . This interfacial region has a thickness approaching 100nm, giving rise to significant contact resistance. In contrast, the interfacial structure of Pdcatalyzed CNFs shows multiwall CNT-like morphology with each wall nearly perpendicular to the substrate, as indicated in Figure 3(b) . Thus, as electrons flow in the basal plane of each graphene layer, parallel to the nanofiber axis, the resulting CNF-metal contact resistance of the Pd-catalyzed sample is substantially lower than that of the Ni-catalyzed one as our measured resistances indicate.
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